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Introduction 78 Nontyphoidal Salmonella (NTS) is the major pathogen causing gastroenteritis to victims mostly 79 young children (Hohmann, 2001) . Commonly, the victims were usually infected by their 80 exposure to Salmonella-contaminated food or animals together with non-hygienic behaviour. 81 Various Nontyphoidal Salmonella spp. were unique due to different cellular appearances of 82 somatic antigens (O antigens) combined with flagella antigens (H antigens) (Grimont and Weill, 83 2007) . To initially determine Salmonella serogroups, only unique O antigens were diagnosed, 84 obtaining more than 50 distinct groups. For the complete serotyping, the determination of phase 1 85 and 2 H antigens was executed to derive Salmonella serotype according to the complete standard 86 Salmonella typing system (Kauffmann-White scheme).
87
The incidence of salmonellosis was documented through several epidemiological 88 research in Thailand (Hendriksen et al., 2009; Pulsrikarn et al., 2013) . The epidemiological
The samples were then transferred to buffered peptone water (BPW; Oxoid, Hampshire, 143 UK) with overnight incubation at 37 °C, and later transferred to both TT broth and RVS broth 144 (Oxoid, Hampshire, UK) with overnight incubation at 37 C° and 42 C° respectively. Both 145 overnight TT and RVS were separately plated on XLD agar and incubated overnight at 37 C°.
146 Black centre dot colonies, referred to suspected Salmonella colonies, were picked to perform 2 147 biochemical tests; triple sugar iron (TSI) slant, and motility indole lysine agar (MIL) (Biomedia, 148 Nonthaburi, Thailand). The determination of serotypes was performed on the positive colonies by 149 biochemical and serum agglutination tests at the WHO national Salmonella and Shigella Center, 150 the National Institute of Health, Ministry of Public Health, Nonthaburi Province, Thailand.
151
152 Determination of Salmonella serotypes by HRM serotyping 153 Salmonella serotyping using the multiplex PCR coupled with HRM analysis was initially 154 performed with the genomic extracted DNA from Salmonella isolates, as previously described 155 by McNerney et al (McNerney et al., 2017) . Briefly, 1 ml of overnight culture was centrifuged, 156 and the pellet was washed twice with 400 μl of TE buffer (10 mM Tris HCl, pH 8.0, 1 mM 157 EDTA) and resuspended in 400 μl of TE buffer. The resuspended solution was heated at 80°C for 158 20 minutes. After cooling at room temperature, 50 µL lysozyme (10 mg/mL) was added to the 159 solution with occasionally shaking at 37°C for one hour and then 75 µL of 10% SDS/proteinase K 160 solution was added with vigorous vertex and incubated at 65 °C for10 minutes. A 100 µL of 5 M 161 NaCl and 100 µL of prewarmed (65°C) CTAB/NaCl solution were added, causing white 162 precipitate; then the solution was further incubated for 10 minutes at 65°C. A 750 μl of 163 chloroform/isoamyl alcohol (24:1) was added and then centrifuged for 5 minutes at 13,000 rpm at 164 4°C. The upper aqueous solution was collected to a fresh microcentrifuge tube whereby ethanol 165 precipitation was performed. Finally, the pellet was resuspended in a tube with 50 μL water and 166 the DNA solution was kept at -20°C until used.
167
Multiplex PCR coupled with HRM analysis using a combination of primers to amplify 168 fljB (170 bps), gyrB (171 bps) and ycfQ (241 bps) (Table 1) were conducted in a BIORAD 169 CFX96 TM Real-Time System (Bio-Rad, Hercules, CA, USA). First, multiplex PCR mixture was 170 prepared, containing 1 μL of DNA, 0.1 μM of gyrB, 0.075 μM of fljB and ycfQ primer pairs as 171 well as 2 μL of HOT FIREPol EvaGreen: no ROX Mix (Solis Biodye, Tartu, Estonia) adjusted to 172 10 μL with water. Thermocycling conditions were as follows: 95°C for 15 minutes, followed by 173 45 cycles of 95°C for 10 seconds, 60°C for 10 seconds and 72°C for 20 seconds. To perform the 174 HRM analysis, PCR mixtures were heated at 95°C for 1 minute and cooled to 40°C for 1 minute 175 and then continuously heated from 70°C to 95°C, rising at 0.2°C/second, with 25 acquisitions per 176 degree Celsius. HRM profile was generated using the Precision Melt Analysis software version 177 1.2 with a sensitivity setting at 0.30, a temperature shift at threshold 5, a pre-melt normalization 178 range from 80.4 °C to 81.1°C, and a post-melt normalization range from 89.2 °C to 89.6 °C. After 179 normalizing and temperature shifting of the melting curves, difference plots were generated 180 using S. Barille as reference. 241 The Discrimatory Power (D) was assessed to obtain the average probability that a clustering 242 method will assign a different type from two unrelated strains randomly sampled in the given 243 population of Salmonella isolates. The discrimatory power (D) of a clustering method was 244 evaluated using Simpson's diversity index described by Hunter and Gaston (Hunter and Gaston, 245 1998) according to the equation:
where is the index of discrimatory power, the number of unrelated strains tested, the 250 number of different types, and the number of strains belonging to the type. value is in a ℎ 251 range of 0 (identical types) to 1 suggesting that the typing method was capable of distinguishing 252 each member of a population from all other members of that population. Figure 3A ). However, cluster 2 initially showed high curve-variation at two specific regions 288 which were at 79.6 o C -83.0 o C region and 85.0 o C -87.3 o C region using S. Barille as the reference 289 ( Figure 3B ). To increase such curve-variation, in-cluster reference was selected using Salmonella 290 isolate L16 as the new reference. Two further analyses assigned as low temp region (79.6 o C -291 83.0 o C) and high temperature region (85.0 o C -87.3 o C) were conducted separately using L16 as 292 reference ( Figure 3C ). The results showed nine novel HRM melt curves (A-G) using S-HRMa. The 293 low and high temperature region generated three HRM melt curves (A-C) and six HRM melt 294 curves (G-L) respectively suggesting that two different regions apparently contain unique and 295 specific information enough for further and functional clustering of Salmonella isolates. The S- Figure 4A ). After employing 315 serogroups and performing S-HRMa to HRM serotyping, more than one sensitive cluster were 316 assigned to some Salmonella isolates in the same serotypes such as S. Weltevraden, S.
317 Monophasic S. Derby and S. Braenderup (Table 3) . As a result, the capability of Salmonella 318 subtyping was observed in this study. The HRM melt curves were generated to basically indicate information of amplified PCR 343 fragments through the sequence polymorphism; thus, the different patterns of HRM melt curves 344 were applied to Salmonella clustering by visual observation (HRM clustering), modified visual 345 observation (S-HRMa) and algorithm-based methods with DTW assessment. HRM serotyping 346 initially classified Salmonella spp. to fourteen clusters, and later both the S-HRMa and DTW 347 clustering generated twenty-five sensitive clusters and twenty-eight DTW clusters, respectively.
348 Moreover, the combination of sensitive clusters and DTW clusters were applied to indicate the 349 serotypes and subtypes of forty Salmonella isolates. The plots of negative first derivative of 350 normalized HRM melt curves, indicating different Salmonella serotypes, are shown in Figure 6 .
351 Twelve Salmonella isolates of S. Weltevreden in Cluster 1 were further characterized to five 352 different sub clusters or subtypes after performing the S-HRMa and DTW clustering. The 353 predominant Salmonella isolates of S. Weltevreden subtype DTW4-S1 (n=6) was observed in the 354 following DTW clusters: DTW1-S1 (n=2), DTW5-S1 (n=1), DTW16-S2 (n=1) and DTW17-S3 355 (n=1). In addition, two subtypes of S. Covallis were observed in cluster 1 and H11 of HRM 356 cluster (DTW 21-S22) while two S. Agona isolates (DTW 5-S4) were observed to be clonally 357 related. The same analysis also suggested all nine Salmonella isolates in cluster 2 or S.
358 Monophasic (n=4), S. Braederup (n=2) and S.Derby (n=3) were of different Salmonella subtypes.
359 Furthermore, the HRM cluster H3 to H14 were mostly correlated to different Salmonella 360 serotypes with the exception of S. Stanley (H4 and H5), S. Enteritidis (H6 and H7) and S.
361 Kentucky (H10 and H13). However, two subtypes of S. Typhimurium were diagnosed within the 362 same H3 cluster as DTW26-S15 (n=2) and DTW27-S15 (n=1). In this study, the S-HRMa and 363 DTW assessment were considered to be the effective methods for rapid subtyping of Salmonella 364 spp. 
435
The most prevalent S. Weltevreden (n=12) isolates was observed in nearly all provinces 436 in the Northern Thailand with the highly associated pattern to chickens and their line of 437 production. S. Weltevreden was regarded as the prevalent serotype found in various 438 contaminated food as well as the humans in Thailand (Bangtrakulnonth et al., 2004) 439 (Lertworapreecha, Sutthimusik & Tontikapong, 2013) . After further analysis, S. Weltevreden 440 (n=12) isolates were rapidly subtyped by the combination of two clustering methods to five 441 different subtypes with the predominant subtype (DTW4-S1, n=6) significantly correlated with 442 the stool samples of chickens from farms. The prediction of transmission route by this 443 Salmonella subtyping and related dataset was likely to be the spread of S. Weltevraden between 444 chicken farms in the same province possibly due to natural carriers (Skov et al., 2004 
